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Abstract
Vila Praia de Âncora harbor is subject to a heavy siltation, being necessary an annual dredging of the whole harbour, in order to
maintain the sailing conditions for the fishing boats.
An hydrodynamic model of the coast area allowed to identify the causes for that heavy siltation and is presented. Additionally,
in order to reduce the rate and dredging volume, some alternative remedial works are proposed, and the most interesting
solution is detailed.
As a consequence of the presented analysis, it can be stated that the problems occurring in this harbour, regarding the high
siltation rate, are due to a not enough detailed hydrodynamic study during the project phase, and so the referred harbour’s
layout is inadequate to the particular hydrodynamic situation of the area.
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1. Introduction
Vila Praia de Âncora is a small town in northwest Portugal (Fig. 1). It had a small traditional fishing harbor (Fig.
2a), till it was decided to build a new harbor which should provide better conditions and safety to the small fishing
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boats that use it. To support the new harbor design, several studies were carried out, including a coastal
hydrodynamics analysis, both to the existing situation, as a reference situation, and to the solution to be adopted.
Apparently, the interpretation of the hydrodynamic studies was not fully understood, and after the new harbor
construction, its basin presented an extremely high rate of siltation; moreover, under certain storms, the access
channel and the harbor itself could get till 3m of sediments in less than two months, which implied frequent and too
expensive dredging operations. Given this unacceptable situation, the existing studies were reanalyzed, and further
investigation was performed to support the remedial works design and so decrease the stated siltation rate.
Fig. 1. Localization of Vila Praia de Âncora, Portugal.
2. The harbor
2.1. The old harbor and local hydrodynamics
Vila Praia de Âncora’s old harbor is located in a wide bay, as it can be seen in Fig 1. The northern and the
extreme south banks of this bay are rocky (Fig. 3) and the central part of the bay is a long sandy beach.
Fig. 2. (a) the old harbor in 2001; (b) the new harbor after its construction in 2003.
Regarding the dominant wave direction, it varies from WSW to W40N. While the W and WSW waves create
currents that transport sediments from the southern part of the beach to its northern part, near the river mouth and
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the old harbor; the W40N waves transport those sediments to their original place, preventing the siltation of the old
harbor.
As it can be seen in Fig 2a, the old small harbor was excavated in the rocky shore formations; so, there was no
significant breakwater to prevent the W40N wave action to transport the sediment near the river mouth to south
(Fig. 4a). However, the new harbor layout, with its breakwaters, creates a shadow area, for the W40N waves,
preventing the sediment transport to south (Fig. 4b and c). Consequently, the access channel to the new harbor, as
well as the harbor itself, verifies a very intense and quick sand deposition, preventing the normal and safe use of
this facility.
Although we must consider the different times of the year, Fig. 4b and c show the influence of the new
breakwaters in wave direction which changes the pattern of wave incidence near the new harbor entrance,
diminishing navigation safety, and also promotes an increase in sediment accretion, creating a large bank of sand
near the south breakwater and the harbor access channel.
Fig. 3. (a) North of the old harbor; (b) in the south part of the bay.
Fig. 4. Wave incidence pattern and sedimentation evolution in the study site: (a) November 2001; (b) May 2004; (c) August 2006.
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2.2. The hydrodynamic studies for the design of the new harbor
The hydrodynamic studies carried on during the design phase (Hidromod, 2001) showed the changing in the
direction of the W40N wave by effect of the north breakwater (Fig. 5), as well as the aimed wave height reduction.
But, partly due to the fact that the sediments present in the area are large grain sands, partly due to the changing of
the wave direction, the currents have no more sediment transport capacity to remove the sand that accumulates in
the north part of the beach due to the W and WSW waves, keeping the system in balance.
Fig. 5. (a)Wave height for a wave at large with Hs=2.0m, T=12s, and direction W40N; (b) Comparison results between the expected wave
height considering the old and the new harbour layout (adapted from Hidromod, 2001).
As a consequence, although Vila Praia de Âncora is a small harbor, almost 100 000m3 of sand must be dredged
every year to keep it operational. Since the maintenance dredging costs are higher than the economic value of the
fishing activity, it was then necessary to find a reasonable solution to reduce the siltation of the harbor and its
access.
2.3. The new harbor behavior analysis
In order to fully understand the morphodynamic and sedimentation conditions at site and, subsequently, to
design a suitable remedial solution, the new harbors’ overall behavior was assessed using automatic geoprocessing
in GIS environment. The applied methodology, Model for Environmental Dredging Zones - MEDZ tools was
developed and implemented to support harbor facilities’ sustainable exploration plans and, in this case, enabled the
required studies. By analyzing georeferenced detailed topo-hydrographic information and physico-chemical testing
results of the sediments, this system then allowed to identify the spatial distribution of erosion and accretion areas.
In particular, this tool is based on a conceptual model of morphodynamic and multi-temporal sediment analysis
in harbor areas, automating the production of maps (Dias et al., 2011; Silva et al., 2011). MEDZ procedure
sequence includes converting between different data formats, the generation of surfaces of different particle sizes
by interpolation methods of several particle size fractions, the zoning of the area under analysis and the calculation
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of areas and volumes eroded and deposited sediment for each type, subdivided into four size classes - pebbles,
sands, silts and clays (Santos-Ferreira et al,. 2015).
The referred system was implemented by applying Model Builder software of ArcGIS ® (ESRI) and consists of
a set of tools that operate sequentially in the calculation of the various components of the model.
Thus, six modules, designated as M1 to M6, were implemented, each with specific processes to obtain automatic
digital maps with the programmed information, allowing:
• M1 – conversion of CAD entities in vector entities (GIS shapefile);
• M2 – development of bathymetry digital elevation models (DEM), tin or raster;
• M3 – interpolation of particle sizes distribution and contamination concentration, by a deterministic method -
IDW;
• M4 – preliminary zoning of sediments of harbor areas;
• M5 – calculation of areas and volumes of erosion and accretion / dredging;
• M6 – calculation of areas and volumes of dredged material.
The present study mainly used M1, M2, M5 and M6 modules in order to compare the volume of sediments with
the empirical knowledge based in the dredging volumes, and in the hydrodynamic studies. Fig. 6 presents the
results, showing the accretion and erosion areas, in a color scale that gives the thickness of deposition or erosion,
for three periods: a) during the first year after construction of the new harbor; b) during a maritime summer; and c)
during a maritime winter.
Fig. 6. Accretion and erosion rates after the construction of the new harbor: (a) first year after construction, June 2003 till April 2004; (b)
Maritime summer, from April 2004 till September 3004; (c) Maritime winter, from November 2005 till May 2006.
In all the considered situations, the harbor entrance suffers an accretion of the order of 4m. This means that the
access channel, and the harbor entrance, should be dredged, to keep the navigation conditions, at least twice each
year. These results clearly acknowledged the need of a remedial solution.
3. Solutions analyzed
For this case, several solutions were considered possible, and so they were analyzed, namely:
• Dredging;
• Construction of a partially submerged breakwater (Fig. 7a);
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• Opening a new mouth for the river, with two small breakwaters to stabilize the bar (Fig. 7b);
• New harbor’s breakwaters demolition followed by their reconstruction in an inland location, excavating the
rocky shore immediately north of the actual harbor.
Considering the exposed analysis, continuing the maintenance dredging operations was not a sustainable option,
since it is only effective on keeping the facilities operating for a limited period of time and so it is very costly.
Actually, the most interesting solution, and the one that would provide a better hydrodynamic behavior, would
be the last one listed: rebuilding the harbor inland, excavating it in the rocky shore. Anyway, this possibility
implied to high costs.
The analysis on the solution of the partially submerged breakwater show it is an interesting solution, presenting,
nevertheless, some drawbacks. Most important it endanger the navigation as, in some conditions of tide and in
some of the possible solutions (e.g., crest was considered at +1m, 0m and -1m, being the one with crest at +1m the
most efficient), boats and ships can hit it by accident, difficult sea, or other, and even sink. Another drawback
relates to the reflected waves. The harbor entrance is difficult for itself, and so a boat entering it, with cross sea,
with waves normal to the boat, and reflected waves, would be too dangerous. Nevertheless, the partially submerged
breakwater would retain the sand, and would prevent the need to dredge every year. But after a period of circa 5
years, it would be necessary to dredge the whole sediment accumulated during that time. So, the cost of the
dredging operation would be the same, but only carried out once every five years.
Finally, the option to open of a new river mouth, i.e., to relocate river mouth stabilizing it by two small
breakwaters (Fig. 7b) seems to be the most interesting. This solution would prevent the sediment to go from south
to north, retaining them in southern breakwater; their shape and orientation would allow the W40N wave to
transport the accumulated sediments back to south. Anyway, there are environmental considerations that have not
yet been solved.
Fig. 7. Considered solutions: (a) construction of a partially submerged breakwater; (b) change of the mouth of Âncora River, with the
construction of two small breakwaters.
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4. Conclusions
The performed study suggests the interpretation of the hydrodynamic studies, in project phase, for the Vila Praia
de Âncora new harbor was ineffective and the construction of the adopted harbor layout affected negatively local
hydrodynamic and sedimentation balance. Consequently, the harbors access channel and basin are now subject to
high siltation rates, demanding frequent and too expensive maintenance dredging operations to assure the
navigation conditions.
Considering this unacceptable situation, the need of a remedial solution was highlighted through the use of
automatic geoprocessing in GIS environment, namely, MEDZ methodology.
Several technical options were then analyzed and the relocation of the Âncora River mouth and construction of
two breakwaters to stabilize the bar was found to be the most interesting solution. However, some environmental
considerations have to be discussed.
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